Haemodynamic and angiographic findings are described in 5 cases with rare anomalies of the right ventricle and tricuspid valve in whom right-to-left interatrial shunting occurred in the absence of right ventricular hypertension or tricuspid atresia. In 2 cases there was congenital dysplasia of the tricuspid valve; in the first of these, this was associated with Uhl's anomaly of the right ventricle and pulmonary atresia while in the second there was isolated congenital 'absence' of the tricuspid valve. The remaining 3 cases all had isolated congenital hypoplasia of the right ventricle; in 2 of these 3 cases closure of the atrial septal defect was successful in abolishing cyanosis and symptoms, while the third is awaiting surgical correction.'
Infants and children with congenital heart disease frequently present with systemic arterial desaturation and pulmonary oligaemia due to a right-toleft shunt. Such patients usually have right ventricular outflow obstruction (pulmonary stenosis or atresia) or inflow obstruction (tricuspid atresia). In the first instance, right ventricular pressure is found to be high and, in the second, the right ventricle cannot be entered at catheterization. On rare occasions we have encountered patients presenting with cyanosis and pulmonary oligaemia in whom the right ventricle is entered at catheterization and its systolic pressure found to be normal. Such findings in combination with right-to-left interatrial shunting can be puzzling. In 5 instances in our experience, this combination of findings was caused by one or other of three rare malformations of the right ventricle or tricuspid valve -Uhl's anomaly, congenital dysplasia of the tricuspid valve, and congenital isolated hypoplasia of the right ventricle. Right-to-left interatrial shunting in such patients is presumably caused by impaired filling of the right ventricle or by tricuspid incompetence.
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1 Case 3 has now had successful closure of ASD.
Case summaries
Group I: Uhl's anomaly and congenital dysplasia of tricuspid valve Case i This male infant cyanosed from birth, had a pansystolic murmur, grade 4/6, at the left sternal edge, a single second heart sound, and hepatomegaly. Chest x-ray revealed gross cardiac enlargement with reduced pulmonary vascular markings. Echocardiography demonstrated an enormous right ventricular cavity with a large tricuspid valve orifice. His electrocardiogram showed right bundle-branch block with a 4 mm secondary R wave in Vi. Cardiac catheterization and angiocardiography (Fig. i) on the first day of life revealed a dilated, poorly contracting right ventricle, generating a systolic pressure of 2ni mmHg (2.8 kPa). There was gross tricuspid regurgitation. Right-to-left shunting at atrial level gave an arterial oxygen saturation of 30 per cent. The pulmonary artery could not be entered.
The baby died on the fourth day of life. At necropsy, the heart almost filled the thoracic cage. This was because of enormous dilatation of the right atrium and ventricle, the free wall of the latter being i mm thick but three commissures were present. The septal cusp was tethered by short chordae tendineae. Pulmonary valve atresia was present; the ventricular septum was intact. The foramen ovale was widely patent, measuring 2 cm in diameter, and the ductus arteriosus was 2 mm patent. Microscopical examination revealed a pronounced deficiency of myocardium in the right ventricular free wall, particularly in the posteroinferior wall where endocardium and epicardium were apposed in places (Fig. 2) At cardiac catheterization, the right ventricular pressure was 24/9 mmHg (3.2/I.2 kPa). There was no gradient across the outflow tract, and though the mean right atrial pressure exceeded that of the left, no shunting was demonstrated at catheterization. Right ventricular angiography showed a very dilated right ventricle in which the outflow tract contracted more vigorously than the sinus portion. Severe tricuspid regurgitation was demonstrated (Fig. 3) (Fig. 4) . The inflow portion (sinus) was hypoplastic. The final diagnosis was congenital isolated hypoplasia of the right ventricle. He is now 5 years old, and on the soth percentile for height and weight. During the past three years he has become clubbed, more cyanosed, and polycythaemic, and in view of the increasing symptomatology, was recatheterized. At the second study, the findings were unchanged. Flow of contrast through the pulmonary circulation was slow and opacification of the left heart had not occurred seven seconds after injection.
Case 4 This female child was cyanosed from birth. A soft (grade 2/6) systolic murmur was first documented at I0 months of age and the second heart sound was single.
Her chest x-ray showed slight cardiac enlargement and diminution of pulmonary vascular markings. Electrocardiogram showed an axis of + ioo0 with a i mm R in V4R indicating a paucity of right ventricular forces. Catheterization at 2 years of age revealed a grossly abnormal right ventricular pressure trace with a presystolic wave of 8 mmHg (i.i kPa), a narrow systolic spike of I4 mmHg (i.9 kPa), and a diastolic pressure of 3 mmHg (0.4 kPa). The presystolic wave was transmitted to the pulmonary artery where the pressure trace was almost identical to that recorded from the right ventricle. Right-to-left interatrial shunting produced a systemic arterial oxygen saturation of 8I per cent. Angiographic findings were similar to those in the last case, with a small, smooth-walled right ventricle apparently lacking a sinus portion (Fig. 5 ). Left ventricular angiography was normal. The final diagnosis was congenital isolated hypoplasia of the right ventricle with an atrial septal defect. Aged 6 years, she was on the ioth percentile for height and weight, but had become more cyanosed with marked clubbing, and the haemoglobin had risen to I9.8 g/dl. In view of the increasing symptomatology, she was recatheterized, when the findings were Case 5 This 6-year-old boy was referred from overseas. He was not accompanied by a relative and no history was available. There was severe cyanosis and clubbing of the fingers and toes. There was a soft (grade i/6) ejection systolic murmur at the left stemal edge. The second heart sound was single. His haemoglobin was 25.0 g/dl. Chest x-ray showed slight cardiac enlargement, a small pulmonary artery, and pulmonary oligaemia, and an appearance suggesting a collateral systemicto-pulmonary arterial supply. The aorta was slightly larger than normal. The electrocardiogram showed a superior axis of -45', and 5 mm P waves in lead II indicating right atrial hypertrophy, but was otherwise normal. The clinical diagnosis was tricuspid atresia, but at cardiac catheterization the right ventricle was entered from the right atrium. RV pressure was i6/6 mmHg (2.I/0.8 kPa) with a presystolic wave of I0 mmHg (I .3 kPa) and an abnormally narrow systolic 'spike' (Fig. 6) . Right-to-left interatrial shunting resulted in an arterial saturation of 66 per cent. Attempts to occlude the atrial septal defect with a balloon catheter were unsuccessful as even an 8 ml balloon passed freely across the septal defect. Right ventricular angiocardiography demonstrated a hypoplastic right ventricle with absent sinus portion (Fig. 7) . There was no significant tricuspid incompetence.
At operation (Mr. S. C. Lennox) the atrial septum was found to be virtually absent. The tricuspid valve was perhaps slightly small, but was otherwise normal. It was difficult to define the extemal surface of the right ventricle. The atrial septal defect was reconstructed using a large 'dacron' patch. Postoperative progress was complicated by a sinus bradycardia for which he initially (Greenwold et al., 1956 ). However, we have never before met with a case of pulmonary atresia in whom right ventricular pressure was normal, and this together with right-to-left interatrial shunting suggested that there was a primary abnormality of the right ventricle. This was confirmed at necropsy when pronounced deficiency of right ventricular myocardium was demonstrated -Uhl's anomaly -as well as an abnormal and undoubtedly incompetent tricuspid valve with thickened leaflets and abnormally short chordae to the septal leaflet. Patients with a combination of Uhl's anomaly and pulnonary atresia have been reported on five previous occasions (Abella et al., I969; Neiman , Pernot, and Rauber, I965; C6te, Davignon, and Fouron, I973), and all had either complete absence (C6t6 et al., I973; Abella et al., I969) or hypoplasia of the tricuspid valve. The case reported here is thus the sixth example of a patient with Uhl's anomaly in conjunction with pulmonary atresia and tricuspid dysplasia. Congenital tricuspid incompetence caused by deficient valve tissue and short chordae is itself a rare condition; Antia and Osunkoya (I969) reported a case and were able to collect I3 cases from the published reports. Almost complete absence of valve tissue, as was the situation in Case 2 reported here, has been reported in association with pulmonary atresia and Uhl's anomaly on three occasions as described above, and in association with pulmonary atresia and a small right ventricle on two occasions (Klein, 1938; Kanjuh et al., I964) . In Klein's case, the tricuspid valve was represented by rudimentary vestiges of valve tissue, while in those reported by Kanjuh and co-workers there was no vestige of valve tissue. These latter authors coined the phrase 'congenitally unguarded tricuspid orifice' to avoid confusion with tricuspid atresia. Use of this term would also avoid the difficulty of nomenclature in our case where the valve, though effectively absent, was represented by residual tissue. We do not know of another similar case where 'absence' of the tricuspid valve was the only abnormality, all other cases having had associated pulmonary atresia.
Cases 3, 4, and 5 had entirely different angiographic findings in that in all three the right ventricular cavity was abnormally small with an underdeveloped sinus portion so that the distance from the tricuspid valve to the apex was much reduced. This anomaly has been termed congenital isolated hypoplasia of the right ventricle by Gasul and coworkers (I959) who provided the first detailed description of a case. These authors described abnormal right ventricular pressure traces which have a narrow systolic 'spike' and exhibit transmission of the right atrial 'a' wave to right ventricle and pulmonary artery. We observed an identical pressure trace in Case 4 so that it was impossible on manometric grounds to distinguish between pulmonary artery, right ventricle, and right atrium. In Cases 3 and 5 the right ventricular pressure trace was more normal, but still exhibited transmission of a large right atrial 'a' wave. Such abnormalities of right ventricular and pulmonary arterial pressure traces are not unique to this condition, however, having been described in cases of Uhl's anomaly (Cumming, Bowman, and Whytehead, I965) and Ebstein's disease (Blount, McCord, and Gelb, 1957) .
Isolated hypoplasia of the right ventricle has been reported on I5 occasions (Gasul et al., 1959; Sackner et 
